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By Lewis E. Wanner and Solomon M. Sorln 

SUMMARY 

An investigation was conduct& in the Cleveland. altitude wind 
tunnel to  determine the p&ornance of a Curtiss propeller xfth four 
938-1C2-lSRl blades on a YP-47M airgdane at high blade loadlnga and 
engine powers. The .study was made for a range of power  coefficients 
between 0.30  arzld 1.00 a-b free-stream. Mach mbers  of 0.40 and 0.50. 
The results of the force measllrernents indicate primrily the trend 
of propeller efficiency for changes in power coefficient or advance- 
diameter ratio, imamuch as correctione for the eff ecta of turmel- 
wall constriction on the  installation have not been qp l i e t i ,  Slip-  
strean pressure eurpegs acroBa the propeller disk are presented to 
Lllustrate blade thrust load distr€but€on fo r  eeveral-operating 
corAitionR, . . .  . . . .  

, . .  . . I  , .  
. . At a free-stream Mach nmber of 0.40, nearly constant peak 
efficieslcies were obtained at potrer.coefficient8 fro= 0.30 to 0.70. 
A change in power coefficZent f r o m  0.70 to 0.90 reduced the peak 
efficzency  about 5 gercent,.. Bl&e stall at the tip sections became 
eviaent fQr a pawor qmffLcient.of 0.91when t h e  advance-diameter 
ratio. was reduced to 1.67, . . . . - . .  

At. a free-etrem &ach number. of 0 .SO, the highest  propeller 
eifictepcies  were.  obtained for power coefficients f r o m  0.80 to 1.00 
at advance-$i@wter. rgtios above 2.20. .At advance-diameter ratios 
below 2.90, the highest efficiencies w e r e  obta'bed for power cod- 
ficientg a- 0.6p 9.70, .- envelqo of the efficiency curves 
decregspd-apopt 12 percent be$ween a6.va.txe-diamster  sratfos of 2.60 
and=4,2P.- &OF& coqIpressib$l~ty  effect5 became evident for a power 
coefficiexit of 0.40 when the advance-diamster ratfo was decressed 
to 1.75. . .  



In  goneral, the t h a t  loading on the outboard sectlone  increased 
more rapidly  than on the lnBoard sections as the power coefficient was 
increased or as the advance-diameter.ratio m e  decreased. For con- 
dl-bions where blade eta11 or compressibilitg effecter were evident the 
t h r u s t  loading on the t ip  seotiom decreased and EL portion of the l o a d  
shlfted  to the inboard sections. 

An inveetigation of the perf'ormance of several propellers on the 
PP-47bf airplane at  high blade loadings has been conducted in the 
Cleveland altitude wind tunnel at the request of %he A i r  Materiel 
Command, Army A i r  Forcee. AS part of the program, a study wae made 
of a Curtfss 838-1C2-1W four-blade propeller. The results and a 
brief' discuseion of the chamcterieticze of thi8 propeller are pre- 
sented. 

The inveatlgation w a ~  made f o r  a ra.nge af parer ooefficients 
between 0.30 and 1 .OO at  free-stream Mach numbers of 0.40 and 0.50, 
density  altitudes from 20,000 t o  45,000 feet, engine powore from 
150 t o  2500 brake horsepower, and engine apeeds from U O O  t o  2900 rp. 
The propeller efficiencies, as in  reference 1, were determined from 
f o r c e  meaeuremsnts; blade t h r u s t  dietribution was obtabed from pros- 
sure surveys In the propeller s l lps tm.  

. . . .  

Propeller 
H u ' ~ . . . . . . . . . . . . . . ~ . . . . .  
Blade design . . . . . . . .  , . . . . . .  

. Number of. blades . . . . . . . . . . . . .  
Blade Sec.tiona . . . . . . . . . . . . . .  
Propel ler  diameter . . . .  , . . . . . . . .  
Activity facto& . . . . . . . . . . . . .  
Propaller gear ratio . . , . , , , . e . . 

w i n e  . . . . . , . . . . . . . . . . . . .  
W a r  einergency power rating: 

Engine a p e d ,  rpm . . .  . . . . . . . .  
Yanifold prcseure, in. Hg . . . . . .  

.. Brake horsepower . . . . . . . .  , , . .  

. . . . . .  

Mi-litary power rating : 
. mfn8 Sp&d, l "J3 l -8  . . I 9 .- .. . .  

Wnifold'  ~ ~ O ' S S U T X ,  in. a& . . . . . . . .  
Bake horse-power . . . . . . . . . . . .  

. . . . .  . C642S-B40 
Curtiss 838-1C2-18RL . . . . . . . .  four . . .  mAcA 16 seriee . . . . . . .  13 f e o t  . . . . . . . . .  120 . . . . . . . .  26:s . . . . . .  R-2800-73 
. . . . . . . .  2800 . . . . . . . .  72.0 . . . . . . . .  2800 

- . . .  . . . . . * . . .  2800 . . . . . . . .  53.5 . . . . . . . .  2100 

" 
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Normal power rating: 
m i n e  sped, rp. . . . . . . . . . . . . . . . . . . .  2600 
w m l a  pZY386U?33, in. . . . . . . . . . . . . . . . .  41.5 
Bake horsepower . . . . . . . . . . . . . . . . . . . .  1700 

lThe activity factor i s  a nordimensional function of the propeller 
plan form des-lgnad to exprem the integrated capacity of the 
propeller b m e  elexmnta f o r  absorbing power (referame 1). 

The propeller blade-form characteristics are given in figure 1. 
The Cur t i a s  838-1C2-18R1 propeller blade 3.8 shown 3n figure 2. 

Force measurements and slipstrew survey8 were taken for  p e r  
coefficients from 0.30 to 1.00 at a free-stream Mach number of 0.40 
and f o r  power coefficleots from 0.40 fx 1.00 at a free-stream bbch 
number of 0 SO. D e m i t y  altitudes from 20,000 to 45, OOO feet were 
sfmla%sd f o r  engine powers from 150 to 2500 brake horsepower, and 
for engine speeds from 1100 t o  2900 rpn. 

REDO%TIOIY OF DATA 

The method of data reduction w-m iden%ical to that described in 
reference 1. me, force msasuremnts we- analyzed h terms of th6 
variation of %he propeller efficienc~r q Kith the propeller power 
coefficient Cp and me advance-diameter ratio J. These quantities 
were computed Prom the following equatione: 

where 



4 

v J = -  nD 
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where 7 is the free-etream velocity In feet per second. 

T 
=. 

where IC is t h e  propeller thrust in pounds. 

Propeller tip Mach number Kt  m e  abtained fromthe equation 

free-stream t o t a l  preeaure, pounds per q u a r e  foot 

total.presmre at a m e y  point, pount~e per square foot 
. .  

. .  . 
. 

propelbr radius.to tfp, inches 

r a d i a l  distance from t h a t  axle to ~ureey  point, inches 

The propeller  characterlatics are presented separately for free- 
stream Mach m b e m  of' 0.40 and 0.50. Eecause corrections f o r  tunnel- 
wall comtr lc t ion  effects on the installatlon drag and the propeller 
perPomame ga rmte r s  vary with airspeed, data obtained at the two 
free-strean Mach numker8 are not comprable. As In referaace 1, the 
re~ulte of the f orc8 .measurements w e  of primary value Fn ahowing the 
t r e n d s  of p r o p e l l e r  efficiency for changee In power coefficient ad 
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advance-diameter  ratio. Slipstream surveys, w h k h  i l l u s t r a t e  the 
blade thmst distribution f o r  several operating  conditions, are 
presented in terms &,the difference between the total pressure at 
the eurvey p i n t  and the free-stream total preirsure G. (See 
reference 1.) 

Free-stream M E L C ~  number, 0.40. - The effect 09 advance-diameter 
ratio on.propeller efficiency at  a free-slream mch number of 0.40 
is presented ~n figure 4 f o r  a range cz power coefficients from 
0.30 to 1.00. ‘Ifke varfation of propeller efficienoy  with p e r  coef- 
ficient is sham in figure 5 f o r  approximately constant advance- 
diameter ratios. 

N e a r l y  constant peak efficfenciee were obtained f o r  power coef- 
f icients from 0.30 to 0.70 at advace-aianeter  ratios from 1.80 to 
3.00. (See f ig .  4.) As the parer coefficient w&8 incrwsed the peak 
efficiency  occurred  at progressively hsgher advance-diazmter ra t ios .  
Aq %crease in power coefffcient from 0.70 t o  0.90 reduced the peak 
efficiency by about 5 percent. (See fig . 4. ) 

. At an ailvmce-diaaneter ra t io  of 1.70, the  propeller  efficiencg 
was reduced about 9 peroen-k for a change in power coefffcient f r o m  
0.30 to 0.70. (See fig. 5.) All inorease in the power coefficient 
from 0.70 to 0.90 at the ~ a m s  advarce-diaaeter ratio, hme-v&, 
resulted in a 20-percent drop in efficiency. The large drop is effi- 
ciency for the high pawer coeff icienter in the law r-e of advance- 
diameter ratio is attri3uted to blade ti3 etall ,  a remit of the 
exceseively &gh ,omrat-ng angle13 of attack. 
. .  

An inorease fn advance-dm%er ratio considerably improved t h e ,  
propeller efziciency  at the high power coeffici6nte. For a power 
coefficient of 0.60, a change in advance-diameter ratio from 1.70 
to 2.80 increamd the efjffciency br*about 7 percent, but a E i m i h r  
lncrease in admnce-diameter  ratio at a power coefficient of 0.90 
reeulted in a  percent in~reaso in efflctency. (See fig. 5.1 

. B l a d e  thru8t.di8tri’bUtiOn  curves corresponding to the test 0011- 
ditioos of figure 5 f OT 3 2.10 are shown in figure 6. For power 
coeT’f  icients f r o m  0.31 to 0.82, the tJn”ust distri’butfon vas uniform 
and the load- increased steadi- w i t h  power coefficient. An 
.increse Fp parer coefficient f r o m  0.82 %a 0.89 (figs. 6(d) aha 6 ‘ ( e ) )  
rodwed the over-all thrust loading more than might be eqected fram. 
the drqp in efficiency ehown in figure 4 f o r  t h e m ’  ccnditions. The 
d a t a  f o r  the parer coefficient af 0.89 were taken a t  a higher altitude 
and a lower engine power than tha-b for the power coefficfent of 0.82 
and theyefore a narked reduction in the thruet l o d f n g  resulted. 



P a r t t a l  stall a t . m  blade tip8,  characterized by t h e  drop in total -  
2reseure rise et the outbaard blade sections,  occurred  at a value of + of 1.00. (See fig. 6( f ) . )  

The differerne between the right and left eurveys W&E apparent- 
due to ?x mlsalinement af the  thn1st  axis and the  approaching air stream. 
The right, or downgoing, blades operated at slfghtly higher  anglee of 
attaok than.the left ,  or upgoing, blade6 and consequently were mre 
heavily loaded. (See raference 2.) 

Slipstream surveys showing the effect af the  advance-diameter 
, r a t io  an the thruet distribution at a power coefficient of 0.30 axe 

shown 3a fwre 7 .  The blade  thrUat load diatribution  at an advance- 
di&aeter  ratio of 2.89 (fig. 7 ( a ) )  m e  uniform, with the h b o d  and 
outboard sections evenly h a d e d .  As the admace-dimeter ratio was 
reduced to 1.40 (fig. 7(b)  to 7(f)), the over"al1 thrust loading 
increased;  the  thrumst loading on the outboard section8 fncrwsed mre 
rapidLy than on the inboard sections.  Within the range of advance- 

.: . diameter ratios Investigated, at a pmer coefficient of 0.30, no blade 
. .. stall was evident. ' The slight  irregularity in the diatribution curve 

at (rs/k)2 = 0;Z' W&B apprently caueed by the propeller shank cuf'f. 

Slipetrem-su~?vegs are  also shown for a power coefffcient of 0.90 
in figure 8 .  The blade thrust dl8txibutfon at ~ l g  advanco-diameter 
ratio of 3.82 was uniform and similar to  that f o r  cp = 0.30 (fig. 7(a)). 
.At an adv&nce-diameteI' ratio of 2.10, the tbrmet loadir4 was greater 
on .the- out%oard blade. 'aectione tlmn on t h e  inboard aectiona , A further 
decreaes in.advarzlce-dFa~ter.ratio to 1.67 r e s u l t e d  In etalling the 
, b l a b  sections- from the blade tip to ( ~ . , j k ] ~  u 0.55. (See fig. 8(c).) 
As the-outboard section8 stall, the required blade angle is increased 

, and consequeqtly. thi3 loadlng an the inboard section8 l e  increaeod. ., 
Free-atream l&ch number, 0.50. - The effect of advance-d€meter 

ratio on proseller. efficiency at a free-stream Mach number of 0.50 is 
presented in.figxire 9 f o r  a range of power coefficients f rom 0.40 

' to 1.00; ' "lie variation of propeller efficiency xith changes in poxor 
coefficFent at approximately  constant values of advance-dfameter ratio 
is s h m  in figure 10. 

. . .At ,advance-diameter ratios above 2.90, maximum ef'f iciencies were 
obtafmd for  power coefficient8  from 0.80 €0 1.00; whereas, at advance- 
diameter rakios %elm 2';90, -mum efficbnctea were obtained f o r  

the effic&cy curve~l'decreaeed  about I 2  percent between advance-diameter 
ratios OP 2.60. ana, 4.20 'Changes in the power coefficiant fmn 0 .60  
to 1.00, wit& the range of advance-diameter  ratios  covered,, had a I 

I power Ooeff iciants of 0.60 and 0.70. (See fig. 9. ) Tho envelope of c 



relatively ~ n n a l l  effect on the propeller efficiency, The spread in 
efficiency for power coeff iciente belaw 0.80 tncreased at advance- 
d i m t e r  ra t ios  above 3.00. (See f i g .  9.) 

The effect of increasing power coefficient on blade thrust load 
distribution is shown in f-e ll for an advance-diameter ?%io of 
a p p r d a a t e l y  2.90 and in f igwe 12 f o r  an advance-diameter r a t i o  of 
4.20. These surpe;gs correspond t o  the teat  conditions ahocJn in fig- 
r m  10. At a n  advance-diameter ra t io  of 2.90, the thrust loading 
was uniform over the blade and increased steadily as the power 
CoaYicient was increased from 0.41 to 0.92 (ftge. =(a) t o  u ( e >  ) . 
LL;hruat as compared with the eurvey for Cp = 0.92 ( f i g .  ll(e)), which 
may be attributed to  the slightly higher advancediameter ratio at 
which the potat wete m. Aa expected, at  an advarice-dlaneter r a t i o  
of 4.20 for p e r  coef2iciente from 0.42 to 1.03, the blade .  thruet 
hadrng is  re-tfveu low. (see f ig .  12. ) 

survey f o r  ~p = 1.02 (fig. u(f)) indfmtes a reduction ih 

The variation of thrust load distribution with changes in 
adVance-di6mter ra t fo  for pwer coefficients of 0.40, 0.70, anit 
1.00 are ahown i n  figures L3, 14, a3la 15, respectively. A change in 
tke adva;nce-d&meter ra t io  =om 4.20 to 1.75 for a power coefficient 
of 0.40 resulted in a rapFd inorease i n  loading on the outboard 
sections. For an advance-diamater r a t i o  of 1.75, whfch corres$onds 
t o  a t i p  mch number Cce 1.01, the thrust-loading  reductfon a t  t lm t i p  
sections is due t o  local  compressibflitg effects (fig. 13(e)). A 
slight drop i n  propeller eff iciaaqy is Fndica"r;ed in figure 9 for ' t he  
t e s t  conditions of f w e  13(e). For power coefficients af 0.70 
(fig. 14) and 1.00 (fig. 15), the blade tihmst distrfbution waa 
eimllar, except that the loading Or, the in'board and o u t b a r d  sections 
increased more unfformly, and there wae no evidence of blade s t a l l  o r  
COmpresSibility effect8 within the range of advance-diamter ratio8 
Fnvestigated. 

The propeller effioiencies presented in thTs report are useful  
primarily in sharing the comprative effects of blade loading on 
propeller perfommace, because no corrections f o r  twmeL-waU. con- 
etriction effect8 on the lmtallatron drag and propeller perfofplance 
parmeters have 3een applied. 5 investigation in the a l t i t u d e  Hfnd 
tunnel of the perf'ormance a t  high blade loadings of a Curtis8 
833-1C2-19R1 four-bhde propeller on a YP-4" airplane indicated: 
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1. A t  a free-stream Mach nmiber of 0.40, nearly constant peak 
e f f . l a e s  were obtained at power coefficients from 0.30 t o  0.70. 
A charge in  power coefficient from 0.70 to  0.9Q reduced the peak 
efficiency abo~t 5 percent. 

8 .  For an advance-hiameteic r a t i o  of 1.70 and a free-stream lhch 
number of 0.40, the propeller efficiency waa reduced about 9 percent 
f o r  R change In power coefr"icifat f r o m  0.30 to 0.70. For power coef - 

- f ic ients  abow 0.70, the efficiency decreased more rapfdly. 

3.  At a free-atream Mach number of 0.50 and advance-diameter 
ra t ios  above 2.90, the highest propeller efficiencies were obtafned 
f o r  power coeffickinter from 0.80 t o  1.00. A t  advance-diameter ratios 
below 2.90, the-highest  efficiencies were obtained f o r  parer  coeffi- 
c i e n t ~  of 0.60 and 0.70. The enveloy of the efficiency curve8 
decreased about 12 percent between advance-diameter ratios of 2.60 
and 4.20. A change . I n  power coefficient from 0.63 to 1.00, xikhln 
the rarrge of advance-diameter ratios covered, had a relatively mall 
effect (m the propeller -efficiency. The -spread in  efficiency for 
p o w e r  coefficient8 below 0.80 Lncreased a t  advance-diameter-ratios 
above .3.00. 

' .  4. For a free-stream Mack number of 0.40, b h d e  Eltall a t  the 
tfp  sections, a8 indicated 'by sligstream surveys, becemc evident Tor 
a power coefffcient of 0.91 when the advance-diameter ra t io  UBEI reduced 
to 1.67. A t  a free-stream Mach number of 0.50, local  compreseibillty 
effecta becane evidect f o r  R m a r  coefficient of 0.40 when the 
advance--diameter ratio was docrcased-to 1.75. 

. .. 

. . .  

I 

. .  

- ,  

5. ~n goneral, the t b u a t  loading on the cmtboard eections 
Lncroased more ra>idTy than on the inaoard sections a8 tho power cod-  
f ic iant  vas  increased o r  as the advance-dimwter r a t i o  -6 dccroaeed. 
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Solonon M. Sarin, 
Mechanical Bgineor. 

Val 

2. Pondley, Robert E.: ZXYect of Pmpellor-Axis Angle of Attack on 
Thrust Diatrtbution over, tha Propeller Disk in R e h t f o n  to Wake- 
S - m e g  bieasuromant. of Thruet . RACA ACR Tio . L5JOZb, 1945. 

. .  
. . .  
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Figure 1. - Ude-form curves.for Curtiae"838-1C2-18Rl 
four-blade propeller. b, section chord; D, p r o p l l e r  
diameter; h, sectfon thiclmess; R, radius to t i p ;  
r, section radiue. . . . . . . . . . . . . . . . . . . . .  F-1 

Figure 2 .  . Cur t lee  638-ICZ-lRR1 propeller blade. . . . . . .  F-2 

Figure 3. - Front view of YP-47M airylme with Curtiss 
838-1C2-19Rl four-blade propel ler  installed Fn 
altitude-wind-tunnel  teat section. . . . . . . . . . . . .  F-3 

Figure 4. - Characteristic8 of Curtim 838-1C2-18R1 
four-blade propeller on E - 4 7 H  aixplane at free- 
stream Mach number M, of approximately 0.40. . . . . . .  F-4 

Figure 5. - Xffect of parer coefficient Cp on 
propeller efficiency q at constant advance- 
dimeter ratios &+ free-stream Mach nmiber M, 
of ai?proxlmately 0.40. Gw-tf~1-s 838-lC2-1SRl 
four-blade propeller. . . . . . . . . . . . . . . . . . . .  F - 5  

Flgure 6. - Effect of power coefficient % OR blade 
thmu8t load dietributim at advance-etiameter ratio 
J of approxfmately 2.10 and free-stream Mach number 
% of apgroldmately 0.40. Curtfss 838-1CZ-18311 
f our-blade propeller. 
(a) Cp, 0.31; J, 1.98; %, 0.39; &, 0.74 . . . . . . .  F-6 
(b) Gp, 0.61; J, 2.16; h, 0.40; Mt-, 0.70 . . . . . . .  F-6 
(c) Cp, 0.71; J, 2.10; &, 0.39; Mt, 0.70 . . . . . . .  F-7 . 
(a) Cp, 0.82; J, 2.12; G, 0.39; Mt, 0.70 . . . . . . . .  F-7 
(e) Cp, 0.89; J, 2.10; 4,' 0.39; Mt, 0.70 . . . . . . .  F-8 
(f) Gp, 1.00; J, 2.05; q, 0.38; ut, 0.70 . , . . . . .  B-8 

Figure 7. - Effect of advance-diameter ratio J on 
blade. thrust' load distribution at parer coefficient 
Cp of approximately 0.30 and free-stream Mach number 
% of approximately 0.40. Curtiss. 838-1C2-18R1 
four-blade propeller. 
(a) Cp, 0.29; J, 2.99; %, 0.40; Mt, 0.58 . . . . . . .  E'-9 
(b) Cp, 0.30; J, 2.30; h&, 0.39; Mt, 0.66 . . . . . . .  F-9 
( C) Op, 0.31; J, 1.98; %, 0.39; Mt, 0.74 . . . . . . .  F-10 
(a) Gp, 0.30; J, 1.90; %, 0.39; Mt, 0.78 . . . . . . .  F-10 
(e)  Gp, 0.30; J, 1.70; %, 0.40; 4, 0.84 . . . . . . .  F-11 
(f) Up, 0.30; J, 1.40; %, 0.39; Mt, 0.97 . . . . . . .  F-ll  

J 

". 
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, . -  . .  

. . , . -  

Figure  8. - Efi& of advance-dfafztster ra t io  3 on blade 
thrust load distribution at power coefficient C+ of 
approximtely 3.90 anii f ree-stream mch nmber -% of 
a2proximteu 0.40. CWtiss 838-lC2-16Rl four-blade 
propeller. 
(a) Cp, 0.89; J, 3.82; &,, 0.40; 0.51 . . . . . . . F-12 
(b) Cp, 0.8s; J, 2-10: %, 0.39; Mt, 0.70 . . F-12 
( c )  Cp, 0.91; J, 1.6’7; %, 0.38; %, 0.81 . F-12 

Figure 9. - Gharaof,eristica of CSm%iss 8 3 8 - 1 C Z - X R l  four- 
blade propeller on YP-47M airplane at free-sfiream Mach 
nmker M, af .  appoximately 0.50. . . . . . . . . . . . . F-13 

. .  

. .  
Figure 10. - Effect of power coefficient Cp on propeller 

efficiency q at-free-stream Bhch nmiber M, of appmld- 
mately 0.50. Curtiss 838-1C2-18Bl four-blade propeTJer. . F-14 

ll 
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Figure 13. - EFfect of abvance-dfameter m t i o  J on 
blade tkrmat load distribution at power coefficient 
Cp of approximately 0.40 and f ree-stream Mach 
nmber rS, of approximately 0.50. Curtiss 838-1C2-18R1 
f our-blade propeller. 
( a }  Op, 0.42; J, 4.20; % y  0.49; Mt, 0.62 .' . . . . . . F-20 

' (a) 2; 0.41; J, 2.20; &, 0.49; Mt, 0.86 . I .  . . . . . F-21 
' (e) Op, 0.41; 3, 1.75; q, 0.49; Mt, 1.01 . . . . . . .. F-21 

(a> Cp, 0.41; J, 3.42; %, 0.50; 4, 0.68 ' . , . . . F-20 
( 4  0.41; J, 2.75; hY 0.49; Mt,, 0.75 . *. - . . F-20 

c . -  
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Figure 1.- Bbde-form curves for Curtiss 838-IC2-18Rl 
four-blade propeller. b, section chord; D, propeller 
diameter; h, section thtcknessj R, radius t o  tip; 
r, sectLon radius.  
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Figure 4.- Characterlstlcs of Curtis6 838-1C2-18Rl four-blade propeller on 
YP-47H airplane  at free-stream Mach  number M, of approxhately 0.40. 
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Power ooefficlent, Cp 
F l y r e  5.- Effect of power eoefflcicnt Cp on propeller  efficiency tl a t  constant 

advance-dlameter ratlos   at  free-stream Mach number W, of approximately 0.40. 
Curtios BSB-lC2-1BRl fourblade  propeller, . 
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(b) Cp. 0.61; J ,  2-16; M,, 0.40; M , 0.70. 
F i g u r e  6.- Effect of power coefficient Cp on blade thrust 

load .distribution at advance-dlameter ratio J of approxi- 
mately 2.10 and free-stream Mach number M, of approximately 
0.40. Curtiss 838-1C2-18RI four-blade propeller. 
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(d) Cpr 0.82; J, 2.12; Mo p  0.39; Mt, 0.70. 
Figure 6.- Continued. Ef fec t  of power coefficient Cp on 

blade thrust load  d is tr ibut ion at advance-diameter rat io  

of approxlrnatelg 0.40. Curtiss 838-1C2-18Rl four-blade 
J of approximately 2.10 and free-stream Mach number Wo 

propel ler .  
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(f) C p r  1.00; J ,  2.05; Mor 0.38; Mt, 0.70. 
Figure 6.- Concluded. E f f e c t . o i  power coefficient Cp on 

blade thrust load distribution at advance-dlameter ratio 
J of approximately 2.10 and free-stream Mach number W, 
of approxlmately 0.40.  Curtiss 838-1C2-18Rl four-blade 
propeller. 
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(d)  Cpr 0.30: J, 1-90; Mo, 0.39; Mtp 0.76. 
Figure 7.- Continued. Effect of advance-dlameter ratio J 
on blade thrust load distribution a t  power c o e f f i c i e n t  Cp 
of approximately 0.30 and free-stream Mach number M, of 
approximately 0.40. Curtiss 838-1C2-18131 four-blade 
propeller. 
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(f) Cp, 0.30; J, 1-40; Yo, 0.39; Me, 0.97. 
F i g u r e  7.- Concluded, EPfect o? advanee-diametep ratio 3 

( r , / R P  

on blade thrust load distrlbution at power coefficient cp 
Of approximately 0.30 and free-stream Mach number M, of 
approximately 0.40. Curtiss 838-1C2-18R1 four-blade propeller. 
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( c )  Cpr  0.91; J, 1.67; M,, 0.38; Mt, 0.81. 
Ffgure 8.- E f f e c t  of advance-diameter ratlo J on blade thrust 

load distribution at power coeff lc ient  Cp of approximately 
0.96 and free-stream Mach number Yo of approxfmately 0.40. 
Curtiss 838-1C2-18R1 four-blade propeller. 
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stream Uach number !do of approxlmately 0.50, Curtiss 838-1C2-18R1 four-blade 
propeller. 
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0.50. Curtlss 838-1~2-18Rl r o w b l a d e  propeller. 
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(a) Cpr 0.83; J., 2.94; I,, OZSO; MtO 0.73. 
Figure 11.- Continued. E f t e a t  of power coefricient Cp- on 

blade thrust load distributfon at advance-dlameter ratio 
J of approximately 2.90 and free-stream Mach number M, 
of approxfnately 0.50. Cwtiss 838-1C2-18Rl four-blade 
propeller, 
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Figure 11.- Concluded. Effeut of power coefficfent Cp on 
blade thrust load diatrtbutian.at advancediameter ratio J 
of approximately 2.90 and free-stream Mach number M, of 
approxtmately 0.56. Curtiss 838-1C2-18Rl four-blade 
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Figure 13.- Effect of advance-diameter ratio J on blade 

thrust load distribution at power aoefficient C of 
approximately 0.40 and free-stream Mach number io of 
approximately 0.60, Curtis6 838-1C2-18RI four-blade 
propeller. 
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(e) Cpr 0.71; J, 2.381 Mo, 0;50; Ht, 0.82. 
Figure 14.- Conoluded. Effect of advance-diameter r a t i o  J 
on blade thrust load dfstributlon at pourer coefficient Cp 
of approximately 0.70 and free-stream Mach number Mo of 
approxlmately 0.60. Curtlss 838-1C2-leR1 four-blade 
propeller. 
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